We provide a new algorithm for computing the multivariate Faà di Bruno's formula. We follow a symbolic approach based on the classical umbral calculus that leads back the computation of the multivariate Faà di Bruno's formula to a suitable multinomial expansion. The resulting computational times are faster compared with procedures existing in the literature. Application Areas/Subject: Combinatorics & algebraic methods Keyword: multivariate composite function, Faà di Bruno's formula, multivariate cumulants, multivariate Hermite polynomials, classical umbral calculus. See Also: background on the classical umbral calculus in [2], background on multiset subdivisions in [3], for different applications of multiset subdivisions see [5]
Indeed if in f 1 g 1, 1 Cf 2 g 1, 0 g 0, 1 we replace f i = D i f g x 1 , x 2 for i = 1, 2,
Remark: Similarly to what it happens for the univariate/univariate case, the function MFB calls the function makeTab as we show in the following example.
Calling makeTab(1,1) we obtain a 1 a 2 , 1 , a 1 , a 2 , 1 .
The first block a 1 a 2 has one element: its cardinality gives the index of f 1 . The second block a 1 , a 2 has two elements: its cardinality gives the index of f 2 . In the blocks, two variables a 1 , a 2 are involved. This explains why we use two indexes in g i, j elements. In particular we have: a 1 a 2 /g 1, 1 , a 1 /g 1, 0 and a 2 /g 0, 1 . Therefore from the block a 1 a 2 we have g 1, 1 , and from the block a 1 , a 2 we get g 1, 0 g 0, 1 . At the end, the summation of the two terms returns f 1 g 1, 1 Cf 2 g 1, 0 g 0, 1 .
The Code
MFB :=proc option remember; local n, vIndets, E; n := add args i , i = 1 ..nargs ; if n = 0 then return 1 end if; vIndets := seq a i , i = 1 ..nargs ;
E := add f nops y 
Introduction
The procedure joint provides a way to multiply the factors of formula (22) in [1] .
Parameters: joint p 1 , p 2 ,... , q 1 , q 2 .... ,... n blocks where p i ,.., q i 2 ;
Example: joint 1, 0 , 1, 1
If we need to multiply MFB(1,0) with MFB(1,1) we must follow the following steps: 1) Call MFB(1,0) and MFB 1, 1 .
2) For each output, make the following evalutions:
So from MFB(1,0) = f 1 g 1, 0 , by using the previous evaluations, we have f1g1 1, 0 . From MFB(1,1) = f 1 g 1, 1 Cf 2 g 1, 0 g 0, 1 , by using the previous evaluations we have f1 g1 1, 1 Cf2 g2 1, 0 g2 0, 1 . 3) Compute the following cefficients:
.. , in the example r = 2!$1! = 2 and s = 1!$0!$1!$1! = 1 4) Multiply the two previous terms as follows:
The Code
Examples joint 1, 0 , 1, 1 ;
2 f1 g1 1, 0 f2 g2 1, 1 C2 f1 g1 1, 0 f2 2 g2 1, 0 g2 0, 1 joint 1, 1 , 2, 1 ;
This procedure gives a list of all subvectors having the same lenght of a vector V and such that their summation returns V.
Parameters: mkT(V, n), n2;
Note: the output of V = v 1 ,.., v r is p 1 ,.., p r ,..., q 1 ,.., q r such that
Example: Suppose to call mkt([1,1],2).
1) First the function makeTab is called: makeTab(1,1)= a 1 a 2 , 1 , a 1 , a 2 , 1 .
2) From this list and for each block, we consider only the first subblock, that is a 1 a 2 , a 1 , a 2 .
3) Since the first block a 1 a 2 has cardinality one, we set a 1 a 2 , null as we have asked for two blocks (that is two subvectors, note that the second parameter is n=2). So we have 1, 1 , 0, 0 . The second block a 1 , a 2 has two elements and so we have [1,0],[0,1]
4) The result is the list 1, 1 , 0, 0 , 1, 0 , 0, 1 . 5) At the end, in order to have all lists, we need to permute the subblocks for each block, that is: 1, 1 , 0, 0 1, 0 , 0, 1 0, 0 , 1, 1 0, 1 , 1, 0
This function is used in the master function. 
In this section we analyze the accuracy of the results comparing the output obtained by using the Maple diff function (routine by which the multivariate Faà di Bruno's formula is computable in Maple) .To this aim, we set:
f #1,#2,...,#n = D 1, 1, 1 ...2, 2, 2 ...n, n, n f g 1 x 1 ,.., x r ,.., g n x 1 ,.., 
TEST_OK testUMFB 1, 1 , 2, true ; f 1, 0 g1 1, 1 Cf 2, 0 g1 1, 0 g1 0, 1 Cf 0, 1 g2 1, 1 Cf 0, 2 g2 1, 0 g2 0, 1 Cf 1, 1 g1 1, 0 g2 0, 1 
Execution Time
In this section we analize the difference of the execution time between the UMFB function and the Maple diff function. Notice: to perform an appropriate test, make a restart (using "!!!" for recall the entire worksheet) to clear any cash areas.
testTime dproc V, n local r1, r2, h, lx, st; h := f seq g || i seq x || j, j = 1 ..nops V , i = 1 ..n ;
